Introduction
Prostate-specific antigen (PSA) plays a significant role in the early detection of prostate cancer in New knowledge added by this study • Active surveillance protocols based on prostate-specific antigen (PSA) and Gleason score only may miss highrisk prostate cancer.
• Active surveillance protocols using PSA density as an inclusion criteria were highly specific in identifying localised disease and low-risk pathology. Implications for clinical practice or policy • When adopting active surveillance in patients with prostate cancer, protocols with PSA density as an inclusion criteria are preferred.
current practice. 1, 2 It is, however, a double-edged sword that leads to overdiagnosis, especially for clinically insignificant prostate cancer. 3, 4 Curative
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8.0% pathological T3 disease, P=0.04). The Royal Marsden protocol had a higher rate of upgrading of Gleason score at 34.5% compared with the more stringent protocol of PRIAS at 20.6% (P=0.04). The specificities in identifying localised disease and lowrisk histology among different active surveillance protocols were 59%-98% and 58%-94%, respectively. The John Hopkins active surveillance protocol had the highest specificity in both selecting localised disease (98%) and low-risk histology (94%).
Conclusions:
Active surveillance protocols based on prostate-specific antigen and Gleason score alone or including Gleason score of 3+4 may miss highrisk disease and should be used cautiously. The John Hopkins and PRIAS protocols are highly specific in identifying localised disease and low-risk histology. treatments for low-risk prostate cancer include radical prostatectomy and radiotherapy, both of which are associated with significant morbidities. [5] [6] [7] In recent years, the concept of active surveillance (AS) has been adopted with the aim of monitoring clinically insignificant prostate cancer until disease progression, at which point radical prostatectomy or radiotherapy is considered. The ultimate objective is to delay or avoid the morbidities associated with radical treatments without compromising survival. [8] [9] [10] Although AS is an established management option for low-risk prostate cancer, different AS protocols have been adopted. [11] [12] [13] [14] [15] [16] [17] The most commonly used include those from the University of Toronto, 11 Royal Marsden, 12 John Hopkins, 13, 14 University of California San Francisco (UCSF), 15 Memorial Sloan Kettering Cancer Center (MSKCC), 16 and Prostate Cancer Research International: Active Surveillance (PRIAS). 17 Most AS protocols select prostate cancer with a Gleason score of ≤6, PSA level of ≤10 ng/mL, and clinical stage of ≤T2. Other parameters that are considered by some protocols include PSA density, number of positive biopsy cores, and percentage of core involvement (Table 1 11-17 ). Currently, there is no consensus regarding which AS protocol we should adopt for our patients. In addition, direct comparisons between different AS protocols are few. Before deciding to follow any particular AS protocol, urologists and oncologists should be aware of their individual strengths and limitations. Our study aimed to provide some insight into this issue by performing a head-to-head comparison of six AS protocols.
Methods
Patients who underwent radical prostatectomy for prostate cancer from January 1998 to December 2012 at a university teaching hospital in Hong Kong were reviewed. Indication for radical prostatectomy was localised prostate cancer in patients with a life expectancy exceeding 10 years. 2007, all prostatectomies at our institution were performed with the da Vinci robotic surgery system. Pathological assessment of transrectal ultrasoundguided biopsy and radical prostatectomy specimens was performed by a specialist pathologist in our institution. All patients attended a follow-up visit with physical examination 2 weeks after operation, and physical examination with serum PSA level checked every 3 months for the first year, every 6 months for the second year, and then annually thereafter. Data on patient demographics, clinical T stage, serum PSA level, transrectal ultrasound-guided biopsy results, and final pathology of radical prostatectomy specimen were retrospectively retrieved by an independent third party. Pathological assessment of the radical prostatectomy specimen was performed by independent specialist pathologists.
In our current study, we compared six different AS protocols, specifically from the University of Toronto, 11 Royal Marsden, 12 John Hopkins, 13, 14 UCSF, 15 MSKCC, 16 and PRIAS 17 ( Table 1 ). The six protocols were retrospectively applied to our cohort and patients were stratified accordingly based on clinical T stage, serum PSA level, PSA density, Gleason score on biopsy, number of positive biopsy cores, and percentage of positive core involvement. Data from the pathological assessment of radical prostatectomy specimens including extracapsular extension, seminal vesicle invasion, upgrading to pathological T3 disease, and upgrading of Gleason score were analysed. The clinical data used in the AS protocols were those available on diagnosis of prostate cancer and operations were performed within 12 weeks of diagnosis.
Statistical analyses to compare the rate of not diagnosing clinically significant prostate cancerdefined as extracapsular extension, seminal vesicle invasion, upgrading to T3 disease, and upgrading of Gleason score in the final prostatectomy specimenswere performed. The sensitivity and specificity of each protocol in selecting localised prostate cancer (defined as pathological stage <T3) and histological low-risk disease (defined as no upgrading of Gleason score on final pathology) were compared.
Statistical analysis was performed using the SPSS (Windows version 20.0; IBM Corp, Armonk [NY], US). Independent sample t test and Pearson Chi-squared test were used for continuous and categorical variables, respectively. A P value of <0.05 was considered statistically significant. This study was done in accordance with the principles outlined in the Declaration of Helsinki.
Results
A total of 287 patients were included in the cohort. The mean age was 66 years, mean serum PSA level was 10 ng/mL, mean number of positive cores during biopsy was 3, and mean Gleason sum at biopsy was 6. In the current cohort, 266 (93%) patients had clinical T1c or T2a prostate cancer-198 (69%) had clinical T1c disease and 68 (24%) had clinical T2a disease. Table 2 summarises the basic demographics of all patients.
When the six AS protocols were applied to the cohort, 30 to 152 patients were identified as low-risk; their mean serum PSA level ranged from 5.3 ng/mL to 7.7 ng/mL, and mean PSA density ranged from 0.12 ng/mL/mL to 0.25 ng/mL/mL. All six protocols had a mean biopsy Gleason sum of 6. Table 3 summarises the clinical characteristics of patients stratified according to different AS protocols.
In the analyses of final pathological outcomes in patients stratified into different AS protocols, extracapsular extension rate varied from 3.3% to 17.1%. The incidence of seminal vesicle invasion was low in all six protocols, ranging from 0% to 3.3%. The rate of pathological T3 disease was lowest according to the John Hopkins criteria (3.3%), while the University of Toronto criteria had the highest incidence (19.1%). Regarding the upgrading of Gleason score in the radical prostatectomy specimens, all six protocols had a relatively high rate ranging from 20.6% to 34.5%. Table 4 summarises the pathological outcomes among the six AS protocols.
Comparative analyses of individual AS protocols against each other were also performed ( Table 5 ). The University of Toronto protocol had a significantly higher rate of extracapsular extension at 17.1% and pathological T3 disease at 19.1% when compared with the more stringent protocol from John Hopkins (3.3% extracapsular extension, P=0.05 and 3.3% pathological T3 disease, P=0.03) and PRIAS (8.0% pathological T3 disease, P=0.04). In addition, the Royal Marsden protocol had a significantly higher rate of upgrading of Gleason score at 34.5% when compared with the more stringent protocol of PRIAS at 20.6% (P=0.04). There was no significant difference in the incidence of seminal vesicle invasion between the six protocols.
In terms of the ability of each protocol to identify pathological localised disease (defined as pathological stage <T3) and histologically lowrisk cancer (defined as no upgrading of Gleason score), sensitivity varied from 13%-61% and 14-71%, respectively. The John Hopkins criteria demonstrated highest specificity in identifying pathological localised disease (98%) and histological low-risk cancer (94%). Table 6 illustrates the sensitivity and specificity of identifying localised and histological low-risk disease for the six AS protocols.
Discussion
Prostate cancer screening has always been a controversial issue and evidence of improved survival is awaited. 1,2 Nonetheless, PSA screening has undoubtedly led to overdiagnosis of insignificant prostate cancer. 3, 4 Active surveillance, with the purpose to delay or even avoid radical treatments and their associated morbidities, plays an important role in managing these patients. Unfortunately there are different AS protocols with various inclusion criteria, and urologists and oncologists may have difficulty deciding which protocol to adopt. The gold standard to answer this question will be a prospective randomised trial to compare overall survival following the application of different AS protocols. This, however, will require decades to observe low-risk prostate cancer patients before survival endpoints are reached. Our study provides data on pathological outcomes when different AS protocols were compared. In our cohort, the proportion of patients eligible for active surveillance varied widely from approximately 11% to 58% according to different selection criteria (Table 3 ). Two recent series showed similar findings of a large discrepancy in the proportion of patients eligible for different AS protocols, varying from 16% to 63% and 28% to 69%. 18, 19 We demonstrated that although all AS protocols aim to select low-risk prostate cancer, the heterogeneity between them can be quite large. Clinicians need to be vigilant before adopting any of the AS protocols for their patients when further data from comparative analyses among different protocols are unavailable. The proportion of patients who were eligible for AS protocols in our study was lower than that in previous series. 18, 19 This may be because some patients with localised prostate cancer were treated with radiotherapy. The proportion of patients who can be selected in different AS protocols will be affected by the proportion of patients who undergo radiotherapy instead of surgery. In our centre, it is also possible that low-risk patients were selected to undergo a non-operative approach.
When the six protocols were compared after stratifying patients according to different AS criteria, the University of Toronto protocol had a significantly higher rate of extracapsular extension at 17.1% and pathological T3 disease at 19.1% than the John Hopkins protocol (3.3% extracapsular extension, P=0.05 and 3.3% pathological T3 disease, P=0.03) and PRIAS criteria (8.0% pathological T3 disease, P=0.04) [ Table 5 ]. This observation can be explained by the difference in stringency of the two protocols. The University of Toronto criteria selected patients by two factors only: PSA of <10 ng/mL and Gleason score of ≤6; PSA density, number of positive biopsy cores, and percentage of core involvement were not considered. On the contrary, the John Hopkins criteria applied very strict criteria: a PSA density of 0.15 ng/mL/mL. In addition, only patients with T1 disease with at most two positive cores during biopsy and no more than 50% involvement of each core were selected (Table 1 ). Contrary to our findings, El Hajj et al 19 found no significant difference in the rate of extracapsular extension, upgrading of Gleason score, or unfavourable disease when they In our study, analyses of final pathology revealed that the Royal Marsden protocol had a significantly higher rate of upgrading of Gleason score at 34.5% compared with the PRIAS criteria at 20.6% (P=0.04; Table 5 ). This result can be explained by the less-stringent selection criteria of the Royal Marsden protocol. First, it is the only protocol that allowed a Gleason score of 3+4 to be selected. Second, PSA level up to 15 ng/mL was permitted. These factors will invariably result in the inclusion of a proportion of patients with higher-risk disease. In the study by El Hajj et al, 19 the Royal Marsden protocol were compared with the John Hopkins protocol and significantly more unfavourable disease was observed in the Royal Marsden group. Klotz et al 11 also demonstrated that inclusion of Gleason score of 4 on biopsy into AS was a risk factor in predicting definitive treatment during active surveillance. These findings illustrate that active surveillance in patients with Gleason score of 3+4 is likely to miss higher-risk disease. It should be used cautiously and preferably not in young patients who are otherwise fit for radical treatments.
We have shown that less pathological T3 disease and Gleason score upgrading were present in the more-stringent John Hopkins and PRIAS protocols compared with the less stringent University of Toronto and Royal Marsden criteria. Nonetheless their sensitivity in identifying low-risk disease may be compromised by the more stringent selection criteria. More low-risk disease may therefore be excluded from surveillance by these stringent criteria. We addressed this issue in the last part of our analyses. The sensitivity and specificity in identifying localised disease (pathological stage <T3) and low-risk histology (no upgrading of Gleason score) among different AS protocols were compared ( Table 6 ). The most stringent protocols of the John Hopkins and PRIAS had the highest specificity when selecting localised disease (94%-98%) and low-risk histology (91%-94%). However, inclusion of less pathological T3 disease and Gleason score upgrading by the more stringent protocols of John Hopkins and PRIAS should be cautious because it will, inevitably, be at the expense of low-risk patients who is excluded from AS and may receive unnecessary aggressive treatments. A recent study by Iremashvili et al 18 showed that the PRIAS criteria had a better balance of sensitivity and specificity compared with the UCSF and MSKCC criteria. From our point of view, we tend to place more emphasis on high specificity since low specificity will include patients with high-risk tumours into active surveillance and thus patient survival may be jeopardised. The present study had several limitations. First, the number of biopsy cores was not consistent throughout the study period. A proportion of patients had six-core biopsies in the early period of the cohort versus the current more recent standard of 10-12-core biopsies. Second, the sample size was relatively small due to the low incidence of prostate cancer in our population. Third, the tumour volume in prostatectomy specimens that might predict lowrisk prostate cancer was not assessed. Lastly, the final prostatectomy pathology in this study was from patients who were operated on soon after diagnosis and not after a period of post-diagnosis surveillance. As a note of caution, it would be expected that the final pathology would show even worse pathological features if the patients were put on AS and operated on later. This should be noted when interpreting the results of the current study and counselling patients.
In conclusion, there is a wide range of variation in the selection criteria of different AS protocols. Active surveillance protocols based on PSA and Gleason score alone or including Gleason score of 3+4 may miss higher-risk disease and should be applied cautiously. The more stringent criteria of John Hopkins protocol and the PRIAS protocol were highly specific in identifying localised disease and low-risk histology.
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